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Cultivation at Low Temperature as a Measure to Prevent Contamination 
with Fibroblasts in Epithelial Cultures from Human Skin 
PETER K.A. JENSEN, M.D., AND AAGE J. THERKELSEN, M.D., PH.D. 
Institute of Human Genetics, The Bartholin Building, University of Aarhus, Aarhus, Denmark 
A major problem in cUltivating normal human skin 
epithelium is overgrowth ofthe epidermal cells by fibro-
blasts. In this report we show that it is possible to obtain 
pure epithelial cell cultures by lowering the incubation 
temperature to 32-33°C. Whereas the epithelial growth 
proceeds unchange,d at this temperature, the growth of 
fibroblasts is strongly inhibited. 
One of the major problems in cultivating normal human 
epithelium is overgrowth of the epithelial cells by fibroblasts. 
The growth of fibroblasts has been inhibited in various ways. 
Some a uthors have cleaned the epidermis of dermal elements 
[1 ,2], some have used selective media [3-8], others have used 
repeated treatment of the cultmes with trypsin [9], a trypsin-
versene mixture (10) or collagenase [11, 12], and still others 
have used a feeder layer [13) or grown the cells on a collagen-
coated surface (14, 15] or on pigskin dermis [16). In this report 
it is shown that cultivation at 32- 33°C gives good growth of 
epithelial cells from hwnan skin withou t contaminating fibro-
blasts. 
MATERIALS AND METHODS 
Culture Conditions 
Samples of normal s kin were obtained from adul t pa tients undergo-
ing plastic surgical <?perations. S kin biopsies were cut with a dermatome 
knife adjusted to cut at the de rmoepidermal junction . The skin samples 
were cut in pieces of 2-4 mm". Cultures were prepared by ex planting 
the tissue in a plasma coagulum (Gibco Chicken P lasma Cat. No. 512 
L + Embryo Extract Cat. No. 5Il) in Nunclon t issue culture flasks (25 
cm"). 5 ml of cul ture m edium was then added, and the flasks were 
placed ups ide down at 37°C in a CO"- incubator for severa l hours until 
coagulation of the plasma clots had occurred . Then the flasks were 
p laced with their righ t side up at the desired temperature. Cul ture 
med ium was renewed for the fU'st time after 3-5 days and then twice a 
week. Afte r addition of fresh medium the flasks were gassed with 5% 
CO" in air. 
The medium used was Eagles' MEM with Earle's salts (Gibco) plus 
1.68 g/ I of NaHC03 s upplemented with 20% v/v fetal ca lf serum 
(Gibco), 10% v/v hum an AB serum (obt~ined from blood donors), 
penicillin 250 !L/m l , and streptomycin 25 !Lg/m l. The medium was 
fmther supplemented with hydrocortisone 0.4 j.tg/ ml , and, from the 
time afte r the fIrst cha nge of medium, wi th epidermal growth factor 
(Collabora tive Research Inc., W altham, Massachusetts) 10 ng/ml (17) 
. 6 culture fl asks wi th 4 expla nts each were incubated at each of the 
fo llowing temperatures: 32°C, 33°C, 34 °C, 35°C, 36°C, and 37°C. The 
experiments were run until beginning confluence of the colonies was 
oqserved (4-5 weeks). 
M easurem ent of Epithelia.l Growth 
The extent of epithelia l growth was measured once a week star t ing 
day 7. Measurement was performed by drawing the borders of the 
individua l expla nts and the epithelial sheets surrounding them in an 
in verted microscope (Diavert, Le itz) equipped with Le itz Drawing 
Eq uipment with Ocular Pe riplan GF 12.5 X (Le itz, Cat. No. 519462).1n 
\ order to ensure t hat the whole colony was covered by lor 2 microscopic 
fIe lds it was necessary to use a J: I objective (Leitz). The· areas were 
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t hen measm ed by planimetry using a digi t izer (Hewlett P ackard 9107A 
digitizer). The area of t he individual epithelia l growth sheet (A,.:,,) was 
obtained by subtracting explant ar ea (Ad from area of explant + 
epi th elial sh eet (AE + ,.:,,): 
For each temperature t he tota l area of epithelia l growth was summed 
up and expressed as a ratio (R) by dividing t he tota l growth sheet area 
(A E,,) with th e total explant area (Ad at that temperatul'e: 
R = area of growth sheets (AE,,) 
a rea of explan ts (AI·:) 
Freeman et a l noted that this measm ement cons istently correlates with 
the viable ce ll count [16]. As aJl t he explants were of eq ual and uniform 
thickness, the extent of epithelia l growth was t hus expressed in relation 
to t he total number of cells in the ex plants, or the "growth potentia l" 
at t hat temperature. Only explants giv ing rise to epithe lia l and/ or 
fIbrobl astic growth (generally within the fu-st 1-2 weeks) were included 
in the measurements. 
Measurement of Fibroblastic Growth 
Start ing from day 13 fibroblasts were counted once a week in an 
electronic cell counter (Celloscope 202, AB Lars Ljungberg & Co., 
Stockholm, Sweden) a fter detachment from the substratum. A selective 
detachment of fibrobl asts was achieved in the following way: After 
removal of the cul ture medium 3 ml of 0.02% EDTA was added for 5 
min at room temperature, t hen replaced with 3 ml of a mixtul'e of 0.02% 
EDTA and 0.01% crystallized trypsin (Trypure Novo) and incubated at 
37"C for 6 min. By this procedure all fibro blasts were detached, while 
a ll epithelia l cells rema ined ftrmly ad herent to the flask. All cul ture 
flasks were treated in precisely t he same way every week. The number 
of fibrobl asts per ml was expressed in relation to the total aJ'ea of vital 
explants as described above for epithelia l growth measurement. 
RESULTS 
The percentage of ta kes, i. e., the number of expla nts sur-
rounded by a growth zone divided by the total number of 
explants times 100, in separate experiments with skin samples 
from middle-aged individuals, was found to be 53- 65%; this is 
in agreement with the results obtained by Price et al [10]. The 
percentage of takes was independent of the incubation temper-
ature (data not shown) . 
The morphologic appearance of the epithelial outgrowth was 
also the same at t he different temperatures, and a typical field 
is shown in Fig 1. 
Generally, spindle-shaped fibroblastic cells began to appeal' 
outs ide the border of the epithelial growth sheet between 7 and 
14 days after initiation of cultures (Fig 2). The higher the 
temperature of incubation the faster the fibroblasts appeared 
in the cultures, and the heavier was the subsequent contami-
nation (see below) . The epithelial and fibroblas tic growth areas 
were clearly demarcated with little intermixing of the 2 cell 
types at the borders. The purity of the epithelial sheets was 
confirmed by electron microscopy. 
The growth curves for the epithelial cells in one experiment 
is shown in Fig 3. After a n initial phase of relatively slow growth 
the growth rate accelerates at the end of the 3rd week. This 
acceleration is apparent at a ll temperatures, alt hough it is only 
sl ight at 32°C. The observed differences between the ra tes of 
outgrowth a t the various temperatures did not seem to be 
linked to the temperature. Another experiment showed essen-
tially the same general growth pattern with the lowest growth 
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FIG 1. Pure epithelial cell culture grown at 32°C. Day 28 (x 190). 
FIG 2. Border of growth zone from a culture incubated at 37°C. 
Note the a ppearance of fibroblastic cells at the periphery of the 
epithe lial sheet. Day 13 (x 190) . 
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rate at 32°C and with the growth rate at 33°C being the second 
highest. 
The growth curves for the fibroblasts is shown in Fig 4. A 
close correlation between incubation temperature and growth 
rate is clearly indicated by the curves. On day 13 significant 
growth of fibroblasts can only be observed at 37°C, but after-
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FIG 3. Growth of epi thelia l cells as a function of t ime; each curve 
represents t he growt h in cult ures ma in ta ined at a specific temperatUJ"e , 
as indicated. The ar ea of individua l growth sheets was measured by 
planimetry , summed up for each temperatur e a nd expressed ill relatio;l 
to the tota l area of explants . LA,.:" = tota l ar ea of epit helia l growth 
sheets at t he given temperature. LE = total expla nt ru·ea at the given 
temperature. 
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FIG 4. Growth of fibrob lasts as a function of incubation temperatu re. 
At the indicated days the fibroblasts were selectively detached from 
the culture surface a nd counted in an electronic cell coun ter ; the total 
number of cells per ml at each temperature was expressed in relation 
to the total area of explants. LE = tota l expla n t a rea at t he given 
temperature. 0 day 13; • day 20; and. day 27. 
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wards accelerated growth is observed, most pronounced at 
37°C, but also significant at 36°C and 35°C. From day 18 a 
small number of fibroblasts emerging at the boundaries of 
several epith elial sheets was also observed at 34°C, although 
this does not appear from the growth curves. At 32°C and 33°C, 
however, fibroblasts were never seen emerging from the bound-
aries of the epithelia l sheets. 
DISCUSSION 
A few reports on cul t ivation of epithelial cells from human 
skin at temperatures below 37° have been published. In 1957 
Wheeler, Canby, and Cawley reported on cultivation of huma n 
epidermal keratinocytes at 35°C without stating their motiva-
t ion for t he choice of temperature and with very limited success 
[18). Friedman-Kien et al also experimented on cultivation of 
human skin explants at 35°C; in agreement with our findings 
this resul ted in mixed cell cult ures with overgrowth of fibro-
blasts occurring gradually [19]. Recently Eisinger et al reported 
on optimal growth of single cell suspension cultures of human 
keratinocytes when pH in th e growth medium was adjusted to 
5.6-5.8 a nd the incubation temperature was maintained at 35°_ 
36°C [20). 
T he results of the present study show that it is possible to 
obtain pure epithelial cell cul tures essentially free from fibro-
blastic contamination simply by lowering the incuba tion tem-
perature to 32°-33°C. As a matter of fact, pure keratinocyte 
cu.ltures have been maintained for 9-10 weeks at 32°C without 
a ny visible fibrob lasts appearing in t he culture flask. The mech-
anism for this phenomenon is suggested by the growth curves 
(Fig 3 and 4); they demonstrate a differe nce in temperature 
requirement between adult human keratinocytes and dermal 
fibroblasts when skin explants are incubated at a temperature 
ranging from 32°-37°C. Whereas fibroblastic growth can be 
almost totally inhibited by lowering the incubation temperature 
to 32°- 33°C, the growth of keratinocytes proceeds essentially 
independently of the temperature within the range tested . 
I ncubation at 36-37°C invariably results in a mixed ceU culture 
where keratinocytes are grad ually displaced by rapidly dividing 
fibroblasts. 
We are indebted to Dr. N .C. P etersen, h ead of the departmen t 
of plastic surgery, University Hospital of Aarhus, for supplying 
us with t he siUn samples and to Sonja R . J ensen and Hanne 
Jacobsel) for excellent technical assistance. 
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